Description 

CIRCUIT FOR TESTING AND FINE TUNING 
INTEGRATED CIRCUIT (SWITCH CONTROL CIRCUIT) 

Technical Field 

The present invention relates to the circuitry 
for the testing and fine-tuning integrated circuit. In 
particular, the present invention relates to circuit for 
the control of switches in an integrated circuit. 

Background Art 

In integrated circuits , test circuits are 
implemented to test and to make fine adjustments. For 
15 instance, a nonvolatile memory in a new chip may have an 
initial endurance of five thousand endurance cycles, each 
cycle including an erasure step (releasing electron) and 
a programming step (trapping electrons) . By controlling 
the amount of electrons entering the floating gates in 
20 nonvolatile memory cells in each cycle, it is possible to 
dramatically increase the endurance of the nonvolatile 
memory . The amount of electrons entering the floating 
gates can be regulated by varying the bit line and 
wordline voltages. Therefore, by fine-tuning the bitline 
25 and wordlines voltages, one can increase the endurance of 
the nonvolatile memory. 

Figure 1 shows a test circuit for controlling 
the voltage of a wordline 12 of a flash memory device. 
The test circuit is implemented with a set of resistors, 
30 R 1# R 2/ R n/ having different resistances and a fuse 

block 10. Each resistor in the test circuit is connected 
to the drain of a NMOS transistor, F-^ F 2 , F n . The 

source of each NMOS transistor connects to a ground while 
the gate of each NMOS transistor connects to the fuse 
35 block 10. The NMOS transistor functions as a fuse- 
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activated switch, that is, depending on the output signal 
from the fuse block 10, it either connects or disconnects 
its corresponding resistor to ground. The resistors, R lf 
R 2 , R n/ are carefully chosen to provide an incremental 
5 set of wordline voltages. To obtain a desirable wordline 
voltage 12, an iterative process is used whereby the NMOS 
transistors, F lf F 2 , F n , are activated individually or 
in a group until the desired wordline voltage is detected 
at the output 12 . 

10 Presently, the fuse block circuit 10 is 

implemented using nonvolatile memory cells, which, in 
addition to having endurance issues, requires supporting 
circuitry such as charge pumps and timing circuits that 
take up valuable chip space. Therefore, it would be 

15 desirable to have a fuse block circuit 10 that does not 
have endurance issues and does not require an excessive 
amount of supporting circuitry. 

Disclosure of Invention 

20 The present invention controls a plurality of 

switches through the outputs of a plurality of flip- 
flops. The flip-flops may be connected in a serial 
manner wherein the states are shifted into each flip-flop 
through an input terminal of the first flip-flop in the 

25 chain. Alternative, the state of each flip-flop could be 
loaded individually. The state in each flip-flop is 
applied from its output terminal to the gate of a 
corresponding transistor acting as a switch. The input 
terminal of the first flip-flop may be connected to a 

3 0 two-input multiplexer, wherein the first input terminal 
of the multiplexer connects to a data input terminal for 
the purpose of shifting states into the flip-flop chain 
and the second input terminal of the multiplexer connects 
to the output of the last flip-flop, providing a return 

35 path for the states during a read-out. 
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Brief Description of the Figures 

Figure 1 is a circuit diagram showing a prior 
art fine-tuning circuit for a nonvolatile memory. 

Figure 2 is a circuit diagram showing a 
5 preferred embodiment of a fuse block circuit disclosed in 
the present invention. 

Figure 3 is a circuit diagram showing another 
preferred embodiment of the fuse block circuit disclosed 
in the present invention. 

10 

Best Mode of Carrying Out the Invention 

In Figure 2, a series of flip-flops 30, 32, 
34 are shown to be connected to one another in a way such 
that the output of each preceding flip-flop 30 is 

15 connected to the input of a succeeding flip-flop 32. The 
contents of the flip-flops are shifted in serially 
through a data-in terminal 3 8 of a two- input multiplexer 
36. The output of each flip-flop connects to an 
individual switch, which can come in the form of a MOS 

20 transistor F lf F 2 , F n , like those shown in Figure 1. 

To read the flip-flops, the contents of the 
flip-flops can be shifted out serially through the output 
40 of the last flip-flop 34. In order to reload the 
content after a read, the read-out contents are recycled 

25 back to the flip-flops through a return path 42 that 
connects the output 40 of the last flip-flop 34 to a 
second input of the two-input multiplexer 36. During a 
read, a proper select signal at the SEL 44 input of the 
multiplexer 36 connects the Data read-out terminal 4 0 to 

30 the input of the first flip-flop 30, thereby providing a 
return path for the read-out contents of the flip-flops. 

When a chip is powering up, and before the 
flip-flops are loaded, the switches F lf F 2 , F n need to 

be set to a default condition for the chip to operate 

3 5 correctly. Figure 3 shows a preferred embodiment of the 
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present invention wherein additional circuitry is 
employed to provide a set of default values for the 
output of the flip-flops 30, 32, 34. In Figure 3, the 

output of each flip-flop connects to the drain of a PMOS 
5 transistor 60 and of a NMOS transistor 62 which forms a 
transistor pair 50, 52, 54. The source of the PMOS 

transistor 60 connects to a power supply Vcc while the 
source of the NMOS transistor 62 connects to ground. 
Depending of the desired default value, the gates of the 

10 transistors may be connected to a default line 56, a 

negated default line 58, a power supply, or a ground. In 
Figure 3, the gate of the NMOS transistor 62 in the first 
MOS transistor pair 50 is shown to be connected to a 
ground while the gate of the PMOS transistor 60 is 

15 connected to the negated default line 58. As shown in 
the figure, since the default line 56 carries a logic 1 
during power-up, the negated default line 58 carries a 
logic 0. As a result, the PMOS transistor 60 in the 
first transistor pair 50 connects the output of the first 

20 flip-flop 30 to a power supply Vcc upon start up. In 
Figure 3, the gate of the PMOS transistor 60 in the 
second transistor pair 52 is shown to be connected to a 
power supply Vcc while the gate of the NMOS transistor 62 
connects to the default line 56. Upon power-up, the 

25 default line 56 turns on the NMOS transistor 62, 

connecting the output of the second flip-flop 32 to 
ground. By providing default values to the switches F lt 
F 2 , F n the MOS transistor pairs 50, 52, 54 allow the 

chip to power-up properly. Once the chip is powered-up, 

3 0 the value in the default lines 56, 58 would be reversed, 
whereby disconnecting the MOS transistor pairs 50, 52, 
54 from the outputs of the flip-flops. Thereafter, with 
an appropriate signal at the SEL terminal 44, desired 
data can be shifted into the flip-flops FF X , FF 2 , FF n 

3 5 through the Data-in terminal 3 8 in the multiplexer 36. 
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The embodiment disclosed above involves a 
plurality of flip-flops connected in a serial manner, 
which allows the input of flip-flop states through a 
single input terminal. However, the present invention 
5 can also function by have a plurality of unconnected 

flip-flops having their outputs being connected to the 
plurality of switches F lf F 2 , F n and their inputs being 
connected to parallel input terminal, wherein the state 
of each flip-flop is provided. 

10 In addition to the use for fine-tuning wordline 

voltage, the present invention may also be used in other 
fine-tuning and testing applications as well. For 
instance, the "fuse" block circuit described in the 
present invention may be used to choose capacitor value 

15 to control strength of voltage pumps, or it may be used 
to choose different density for a chip, such as 512K 
density or 1M density in a 1 Mbit chip. 
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